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Abstract. The investigated quantum-chemical characteristics of the molecules of flavonoids of pomace from red grapes. 

The optimal modes of extraction of the accompanying ingredients from grape pomace (titrable acids, sugars and other organic com-
pounds) are established. The sediment was separated from the solution, crushed and dried. As a result, we received a food preventive 
additive with antioxidant properties. 
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Introduction. In the Russian Federation, the average annual grape processing is 250 thousand tons. In the 

Stavropol Territory, 18 primary winemaking enterprises are engaged in the cultivation and processing of grapes, the 
production capacity of these organizations is 120 - 130 thousand tons of grapes per year. However, grape pomace is 
used to feed livestock or transported to the fields as organic fertilizer. The main reason for the irrational use of second-
ary raw materials for grape processing is the lack of effective technology [1; 2]. 

In modern theories about nutrition, much attention is paid to biologically active components of food, which de-
termine the therapeutic and therapeutic-prophylactic effect. Special interest is paid to the development of a technology 
for processing grape pomace of red grapes, which contains a significant amount of biological antioxidants that reduce 
the activity of oxidative processes of radicals. Unsaturated fatty acids, which are part of phospholipids, are mainly sub-

 
along the double bond between the carbon atoms. The CH bond is also weakened in adjacent carbon atoms, facilitating 
the elimination of a proton. The radical with carbon undergoes rearrangement and combines with oxygen to form a per-
oxide radical capable of separating a hydrogen atom from another unsaturated fatty acid [5, 6]. 

Phenolic compounds (with an aromatic ring) are the largest group among natural and synthetic antioxidants. As 
a result, a negative charge is shifted to the hydroxyl group, which contributes to the abstraction of a proton from the OH 
group and the formation of phenoxy radical isomers. Consequently, antioxidants flavonoids reduce the formation of 
peroxide radicals [1, 2]. 

Materials and methods. As a result of numerous studies, it has been found that red grapes, consumed regular-
ly in the diet, have a beneficial effect on the human heart and circulatory system. It turns out that the polyphenolic com-
pounds (flavonoids) contained in its composition significantly reduce the likelihood of blood clots. Dry red wine and 
red grapes (wine itself and grape pomace) contain powerful antioxidants - quercetin, resveratrol, epicatechin, catechin, 
epicatechin gallate, rutin and others [7, 8]. 

The purpose of this research was to develop a technology for obtaining an antioxidant food supplement en-
riched with flavonoids from grape pomace. 

The object of research was grape pomace obtained from the red grape variety "Levokumsky resilient" grown in 
Zarya CJSC of the Levokumsky region of the Stavropol Territory. Extraction of sugars, tartaric acids and protein from 
grape pomace was carried out on a laboratory extractor of the ES-8110 brand. Temperature control during extraction 
was carried out in a 1TG-0-03 water thermostat. During the experimental studies, ingredients and materials approved 
for use by the state sanitary epidemiological supervision were used. 
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The pH value was determined in aqueous extracts by potentiometric method on a pH-meter-340. The protein 
content (in mass fractions) was determined by the Kjeldahl method; ash - by burning in a muffle furnace, followed by 
calcining a sample of the mineral residue; mass fraction of moisture - on a moisture analyzer brand OHAUS MB 45. 
Determination of the quantitative content of sugars was carried out by photocolorimetry, the interaction in an alkaline 
medium of carbonyl groups of sugars with iron cyanide potassium [4]. The mass concentration of titratable acids of the 
test solution was determined by titration with sodium hydroxide (concentration 0.1 mol / dm3) in the presence of phe-
nolphthalein [3]. 

The data obtained was analyzed in Statistic v. 10 and the StatisticNeuralNetworks module. The experiments 
were carried out in 3 5 repetitions. Prediction of the molecular properties of chemical compounds was carried out in 
HyperChem v. 8. 

When in contact with air, grape pomace quickly oxidizes and becomes moldy, acetic acid is formed instead of 
alcohol, and tartaric acid compounds are destroyed by propionic fermentation bacteria. Therefore, it is advisable to pro-
cess the pomace immediately after pressing by extracting sugars, tartaric acids and other compounds. 

The diffusion phenomenon underlies the extraction of tartaric acids and sugars from grape pomace. The diffu-
sion process consists in the penetration of solutions of different concentrations of the solute into each other. Based on 
this, at the initial stage of the research, the molecular characteristics of the flavonoids quercetin, resveratrol, rutin, epi-
catechin, catechin, and epicatechin gallate were studied using computer simulation methods. 

Results and discussion. When studying the distribution of the charge density on the surface of molecules and 
structures of flavonoids, it was revealed that almost all the compounds under study have hydrophobic properties (the 
deviation of the values of the charge values from zero is small), although there are insignificant hydrophilic zones. In 
fig. 1 shows the surface of the charge density distribution and the structural formula of the catechin molecule. 

 

a) b) 
Fig. 1. Catechin molecule: a - charge density distribution surface; b - structural formula 

 
The proof of the hydrophobicity of flavonoids can be the value of the total charge density, presented in table. 1. 
The data obtained indicate that it is advisable to use non-polar organic solvents for the extraction of flavonoids; 

at the same time, it is known that polar solutions are usually used for the extraction of sugars (alcohol) and tartaric acid 
compounds. 

The temperature, the value of active acidity (pH), the duration of the process, and the ionic strength of the solu-
tion have a significant effect on the conditions for the diffusional distribution of substances between liquid phases. (t, 

, NaCI). 
 

Table 1 
The final charge density of the investigated flavonoid molecules 
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Final charge density, eV 0,010 0,010 0,095 0,050 0,010 0,010 
 
The study of extraction modes from grape pomace of sugars and tartaric acid compounds was carried out using 

mathematical planning (uniform rotatable plan) in a laboratory reactor. The influence of the extraction time, processing 
temperature, concentration of sodium chloride (NaCl) in solution and active acidity (pH) was studied on the process. 
Extracts with a given value of active acidity were prepared using a NaOH (sodium hydroxide) solution. The extraction 
rate is calculated by dividing the quantitative content of the substance in the extract by the total content in the system. 
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In each experiment of the plan, after extraction, the content of solids and their extracted amount (% of the total 
mass of pomace), as well as the quantitative content and degree of extraction of flavonoids from the feedstock, were 
determined in the solution. The results obtained indicated a significant effect on the extraction process of temperature, 
active acidity (pH), extraction time and ionic strength of the solution (NaCl concentration) on the degree of extraction 
of flavonoids and dry substances from grape pomace. 

Based on the results of the experiment, a neural network model of the multilayer perceptron was developed to 
create a data array using artificial intelligence, which served as the basis for optimizing the extraction modes. The opti-
mization was carried out taking into account the fact that it is necessary to extract the minimum amount of flavonoids 
from the grape pomace and extract the maximum amount of other dry substances. 

As a result of analyzing the data of the array, the optimal parameters of the factors for extracting chemical 
compounds from grape pomace (7.9 - 8.2% of the total mass of pomace), soluble in polar solvents, were identified and 
checked in laboratory conditions (Table 2), the degree of extraction of flavonoids was insignificant and amounted to 
0.5-2.3% of their total amount in the feedstock. 

Table 2 
Optimal parameters for the purification of grape pomace from sugars and tartaric acid compounds 

Time ( min.  Active acidity (pH) NaCI concentration in solution  
(C NaCI), % 

20  25 85  90 7,2  7,4 0,3  0,5 
 

At the end of the extraction process, the precipitate was separated from the liquid fraction, crushed (~ up to 30-
50 microns) and dried at 70- cherry-colored, 
antioxidant powder supplement enriched in flavonoids was obtained. 

The antioxidant activity of the food additive was determined by the change in the rate of lipid oxidation by 
monitoring the peroxide value, which characterizes the accumulation of lipid breakdown products, which is inversely 
proportional to the antioxidant activity. 

The lipid model system was unsalted butter "Krestyanskoe" with a mass fraction of moisture 25% and fat 
72.5%. This choice is explained by the short shelf life of this product (up to 10 days at a temperature of no higher than 8 

contained in the food supplement. 
A food antioxidant additive was added to the unsalted Krestyanskoe butter in an amount of 3% per 100 g of the 

model system (taking into account that the quantitative content of flavonoids in the system should be about 0.15%) and 
placed in a thermostat at a temperature of 37C, a control was prepared in parallel. a sample without additive, which was 
stored together with the experimental sample under the same conditions. The research results are presented in table. 3 
and fig. 2. 

 
 
 

Table 3 
Accumulation of primary oxidation products in model lipid samples  
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Sample 

Storage duration, days 

0 7 14 21 28 

Peroxide number, mmol of active oxygen / kg 

1 "Krestyanskoe" unsalted butter (control) 0,007 0,019 0,035 0,042 0,055 

2 Unsalted "Krestyanskoe" butter with food antioxidant additive 
(experience) 0,007 0,013 0,018 0,022 0,033 
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Fig. 2. Dynamics of the accumulation of primary oxidation products 
 

The experimental results (Table 3, Fig. 2) show that the experimental sample after technological treatment had 
a peroxide number less than the control one (0.033 versus 0.055 mmol of active oxygen / kg). 

Thus, studies of the molecular characteristics of grape pomace flavonoids confirmed the antioxidant properties 
of these compounds, and the expediency of using polar solutions for the extraction of tartaric acids and sugars was es-
tablished. 

The optimal technological modes (t = 85 90 , = 20 25 min., PH = 7.2 7.4, NaCl concentration in the solu-
tion - 0.3 0.5%) for extracting sugars and tartaric acids from the grape peel were revealed. compounds providing insig-
nificant losses of flavonoids (0.5 - 2.3% of the total amount in the feedstock). 

The technology of an antioxidant food additive with preventive properties has been developed, which consists 
in extracting tartaric acids and sugars from grape pomace by extraction, separating the liquid fraction, crushing and dry-
ing the sludge. 

Experiments on lipid model samples confirmed the antioxidant activity of the developed food additive. 
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